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(57) ABSTRACT 

In a circuit arrangement for error recognition of a two-wire 
data bus through which transmitted, dominant bits are dif 
ferentially transmitted on the two bus lines, it is proposed 
that the arrangement comprises means (4) for measuring the 
differential current, by means of which the difference of the 
drive currents with which the two bus lines are driven is 
measured in a transmitter when transmitting dominant bits 
on the data bus, and in that evaluation means (5) are 
provided which Supply an error Signal when the difference 
between the drive currents exceeds a predetermined limit 
value. 

11 Claims, 3 Drawing Sheets 
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CIRCUIT ARRANGEMENT FOR ERROR 
RECOGNITION OF A TWO-WIRE DATABUS 

The invention relates to a circuit arrangement for error 
recognition of a two-wire data bus through which 
transmitted, dominant bits are differentially transmitted on 
the two bus lines. 

In Such data buses Such as, for example, the CAN bus, 
whose properties have been laid down in ISO 11898, sepa 
rate data bits are differentially transmitted on the two lines 
of the bus. In the rest state, both lines of the bus have 
approximately the same potential because both lines are 
coupled together via a terminating resistor. A dominant bit is 
actively transmitted from a transmitter to the bus by Switch 
ing on a drive current. This transmission is performed 
differentially, i.e. the potential of one line of the bus is raised 
and the potential of the other line of the bus is lowered. A 
recessive bit is transmitted by a transmitter by Switching off 
the drive current. Consequently, the two bus lines again 
approximately assume the same potential. 

Errors of a different nature may occur in data buses of 
this type. Short-circuits of the individual lines may occur 
with respect to a reference potential but also with respect to 
each other. 

Known circuit arrangements therefore evaluate the 
potentials of the lines and attempt to take Such short-circuits 
into account. In a circuit arrangement which is known from 
U.S. Pat. No. 5,488,306, the difference between the poten 
tials of the two bus lines is also evaluated. All of these 
known arrangements have the essential drawback that they 
react to mass offsets of the two bus lines. Such mass offsets, 
in which the potential of the two lines is shifted, may 
particularly occur in applications in the field of automobiles. 
In the known error recognition circuits, these mass offsets 
easily lead to false error messages, i.e. error messages which 
only refer to the mass offsets, which actually do not repre 
Sent errors, and do not refer to actual short-circuits of the 
lines. 

It is an object of the invention to provide a circuit 
arrangement of the type described in the opening paragraph, 
which allows a Secure error recognition without reacting to 
mass offsets of the bus lines. 

According to the invention, this object is Solved in that 
the arrangement comprises means for measuring the differ 
ential current, by means of which the difference of the drive 
currents with which the two bus lines are driven is measured 
in a transmitter when transmitting dominant bits on the data 
bus, and in that evaluation means are provided which Supply 
an error signal when the difference between the drive 
currents exceeds a predetermined limit value. 

The fundamental idea of the invention is that there is no 
potential measurement but a current measurement. The 
difference between the two drive currents for driving a 
dominant bit on the data bus is measured. Transmitters 
transmitting data bits on the data bus generally have two 
drivers each driving a data bus line. Since the bits are 
differentially transmitted on the data bus, the drive currents 
have opposite signs. The difference between these drive 
currents is determined. If one of the two drive currents 
increased significantly, the difference would also increase 
Significantly on the basis of the opposite polarity of the two 
drive currents. A predetermined limit value is provided 
which, in normal operation, is not exceeded by the difference 
between the drive currents. In one of the short-circuits 
described above, the differential current is, however, raised 
Significantly and the predetermined limit value is exceeded. 
The circuit arrangement then Supplies an error message. 
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2 
Since both drive currents are measured and evaluated, 

potential shifts on the two lines of the two-wire bus do not 
lead to error messages because these potential shifts do not 
essentially influence the drive currents, because the termi 
nating resistor of the two lines is arranged between them 
without potential. 

Moreover, the circuit arrangement according to the 
invention has the general advantage of being tolerant to 
external EMV influences on the bus lines. 

In accordance with an embodiment of the invention as 
defined in claim 2, the circuit arrangement is Suitable for the 
CAN bus in accordance with ISO 11898, because this bus is 
used in vehicles in which mass offsets or EMV influences 
often occur in practice. Also under these conditions, the 
circuit arrangement according to the invention Supplies an 
error Signal only when there is actually a mutual short 
circuit of the lines or when a short-circuit has occurred at a 
different potential. 

In a further embodiment of the invention as defined in 
claim 3, the drive currents initially rise Steeply when a 
transmitter transmits a dominant bit, because the lines of the 
bus represent a capacitive load. It is therefore advantageous 
not to measure and/or evaluate the difference between the 
drive currents at the start of a dominant bit but in the second 
half of the period of this bit because the transient phenomena 
due to the capacitive/inductive load represented by the two 
lines will then have declined. 

In accordance with a further embodiment of the inven 
tion as defined in claim 5, the TXD signal provided in the 
CAN bus protocol may be advantageously evaluated for this 
purpose. The TXD Signal indicates the period of a dominant 
bit. Advantageously, an orientation may be performed on the 
trailing edge of the TXD signal for each individual bit, 
because the transient phenomena on the bus lines have taken 
place at this instant and the drive currents are no longer 
influenced by the transient phenomena at this instant. 
A further embodiment of the invention as defined in 

claim 4 ensures a very Secure recognition of a short-circuit 
of the two lines of the data bus. To this end, the two drive 
currents are individually compared with a reference current, 
and an error message is Supplied only when the two drive 
currents individually exceed the reference current. This 
results in an additional Security for error recognition. 

Since it is advantageous, as elucidated above, to evaluate 
the drive currents by the end of a bit phase of a dominant bit 
on the data bus, a further embodiment of the invention as 
defined in claim 6 is characterized in that the measurement 
and/or evaluation of the drive currents or the difference 
between the drive currents is triggered by means of a timer 
So that the measurement and/or evaluation is performed at a 
predetermined interval after the Start of transmitting a domi 
nant bit. This provides a further advantageous possibility in 
which the measurement of the difference between the drive 
currents is performed without influencing the transient phe 
nomena on the bus lines. 

The CAN protocol provides a Simultaneous transmission 
by a plurality of CAN transceivers of dominant bits on the 
buS during a So-called arbitration phase as well as during 
transmission of the acknowledge bit and the error fleX. 
During this phase, the current difference measurement may 
yield values which lead to an unwanted error indication. In 
a further embodiment of the invention as defined in claim 7, 
it is therefore advantageous to measure and/or evaluate the 
drive currents or their differences only during a transmit 
interrupt Service routine in the CAN bus protocol, because 
in this phase only one participant may actively transmit bits 
on the bus. During this phase, a Secure evaluation of the 
drive currents without interfering influences is thus possible. 
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To ensure that an error Signal Supplied by the circuit 
arrangement according to the invention is available for a 
Sufficiently long time and is not destroyed by the arbitration 
phase of the next telegram, a further embodiment of the 
invention as defined in claim 8 is characterized in that the 
arrangement comprises shift registers by means of which the 
result of the evaluation is buffered So that an error Signal 
may be Supplied in a delayed manner. The length of this shift 
register determines the time available for a transmit interrupt 
Service routine to evaluate an error indication. 

To prevent differential currents occurring already during 
transmission of an individual bit from triggering an error 
indication, a further embodiment of the invention as defined 
in claim 9 is characterized in that the arrangement comprises 
a majority circuit. Such a majority circuit only triggers an 
error Signal when the outcome of the majority of a plurality 
of measurements has shown that the limit value has been 
exceeded. This majority circuit can be advantageously con 
nected to a shift register, because the Shift register Simulta 
neously Supplies evaluation results for a plurality of domi 
nant bits. 

In a further embodiment of the invention as defined in 
claim 10, Such a majority evaluation may be advantageously 
performed in that an error message is preferably Suppressed 
only when the differential current has exceeded the prede 
termined limit value during transmission of a Single bit, but 
not during transmission of the bits adjacent to this bit, i.e. the 
previous and the Subsequent bit. In this case, it can be 
concluded that a faulty error evaluation may have taken 
place for the Single bit. An error message is then Suppressed. 
A further embodiment of the invention as defined in 

claim 11 has for its object to exclude arbitration phases and 
acknowledge bits from the error evaluation by means of 
Summation of the drive currents and thus to prevent a 
correctly evaluated error Signal from being inadvertently 
overwritten prematurely during Such a phase. Arbitration 
phases and acknowledge bits are characterized in that a 
plurality of transceivers can Simultaneously transmit a domi 
nant bit on the bus. Consequently, the sum of the two drive 
currents falls below a limit value and the current difference 
Signal is not evaluated. 

These and other aspects of the invention are apparent 
from and will be elucidated with reference to the embodi 
ments described hereinafter. 

In the drawings: 
FIG. 1 shows a first embodiment of the circuit arrange 

ment according to the invention, in the form of a block 
diagram, 

FIG. 2 is a block diagram of a shift register as may be 
used, for example, in the evaluation means 5 of the circuit 
arrangement of FIG. 1, 

FIG. 3 shows a shift register in accordance with FIG. 2, 
with an additional timer, 

FIG. 4 shows a shift register in accordance with FIG. 2, 
with a majority evaluation, 

FIG. 5 shows a shift register with a majority evaluation 
in accordance with FIG. 4, but with an extended shift 
register So that an evaluation with time delay is possible, 

FIG. 6 shows a second embodiment of the circuit 
arrangement according to the invention in accordance with 
the first embodiment of FIG. 1 but with an additional single 
evaluation of the drive currents, and 

FIG. 7 is a possible detailed form of the evaluation means 
of the circuit in accordance with the Second embodiment of 
FIG. 6. 

FIG. 1 is a block diagram of a So-called transceiver, i.e. 
an apparatus which is connected to a data bus and by means 
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4 
of which data bits can be transmitted on the data bus. The 
block diagram of FIG. 1 further shows an implemented 
circuit arrangement for bus error recognition according to 
the invention. 

In the embodiment of FIG. 1, the data bus is a CAN bus 
whose Structure and protocol are laid down in accordance 
with ISO 11898. The data bus has two data bus lines CAN 
H and CAN L through which the bits are transmitted, for 
example, differentially. 

In the rest state of the CANbus, both data bus lines CAN 
H and CAN L have approximately the same potential, 
because the two lines are coupled together via a terminating 
resistor in a manner not shown in the Figure. When Single 
bits are transmitted by a transmitter, the potential of the data 
bus line CAN H is raised and the potential of the data bus 
line CAN L is lowered. 

In the circuit arrangement of FIG. 1, this is effected by 
means of a driver 1 for the data bus line CAN H and by 
means of a driver 2 for the data bus line CAN L. Both drivers 
1 and 2 are controlled by means of a drive control circuit 3. 
The drive control circuit 3 controls the two drivers 1 and 2 
Synchronously in Such a way that Single bits are differen 
tially transmitted through the two data bus lines CAN H and 
CAN L, respectively. To this end, the drive control circuit 3 
is controlled by means of a signal TXD. In the rest state, the 
Signal TXD has a high potential. A Single active, dominant 
bit transmitted on the data bus is characterized in the Signal 
TXD by low levels. As long as the signal TXD has a low 
level, a corresponding control of the driverS 1 and 2 by 
means of the drive control circuit 3 is performed so that the 
bit is differentially transmitted through the two data bus lines 
CAN H and CANL in the manner described above. For the 
purpose of current Supply, the driver 1 is connected to a 
power Supply potential VCC and the driver 2 is connected to 
a reference potential GND. 

In Such a transmission of dominant bits on the data bus, 
interferences may occur. Particularly, the data bus lines 
CAN H and CANL may have a short-circuit with respect to 
another potential, or a mutual short-circuit. It is therefore 
desirable to determine at any time whether there is Such an 
error condition. However, when determining Such error 
conditions it is an extra difficulty that a mass offset may take 
place on the data bus lines CAN H and CAN L, which may 
particularly occur in the field of motor vehicles. Therefore, 
a circuit arrangement for error recognition according to the 
invention is provided which reacts to short-circuits of the 
two-wire data bus but is insensitive to potential shifts of the 
two bus lines. 

The fundamental idea of the circuit arrangement for error 
recognition according to the invention is that the difference 
between the two drive currents supplied by the drivers 1 and 
2 on the data bus is measured. In contrast to the prior-art 
arrangements, in which Voltages are evaluated, a current 
evaluation is performed in this case which is clearly more 
insensitive to potential shifts or external EMV influences. 

The circuit arrangement according to the invention there 
fore comprises means 4 for differential current measure 
ment. The means 4 are formed as comparators in the 
embodiment of FIG. 1, receiving a signal from the driver 1 
and the driver 2, which Signal is proportional to the drive 
current sent by the drivers 1 and 2 to the data bus lines CAN 
H and CAN L, respectively. By means of the comparator 4, 
these drive currents are Subtracted and compared with a 
predetermined limit value. This comparison result is applied 
as signal C to evaluation means 5. The means 5 further 
evaluate the Signal C and Supply a corresponding error 
signal F. Since the evaluation of the difference between the 
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drive currents should only take place during transmission of 
dominant bits by means of the transceiver shown in FIG. 1, 
the signal TXD is applied to the evaluation means 5 so that 
the means 5 evaluate the Signal C only during those periods 
in which the signal TXD has a low level in which the 
transceiver thus transmits a dominant bit on the data bus. 
Moreover, the means 5 may be implemented in such a way 
that they perform a time delay of the Signal F and/or evaluate 
the Signal C through a plurality of values. 

Moreover, a summation of the drive currents may be 
performed, in a manner not shown, by means of a Summing 
device and evaluated by means of a further comparator in 
which a comparison with a Second predetermined limit value 
is performed. The comparison Signal may be used for 
Supplying the Signal TXD to the means 5 only during those 
periods in which the sum signal falls below the limit value. 
Arbitration phases and acknowledge bits may thereby be 
excluded from the error evaluation. It is thereby prevented 
that a correctly evaluated error Signal is inadvertently over 
written prematurely during Such a phase. Arbitration phases 
and acknowledge bits are characterized in that a plurality of 
transceivers can Simultaneously transmit a dominant bit on 
the bus. Consequently, the sum of the two drive currents falls 
below a limit value and the current-difference signal is not 
evaluated. 

The means 5 may be formed as a counter with a count in 
which counts up at a positive signal C and counts down at 
a negative Signal C. The counting results may be triggered 
at the end of the dominant bit phase. When the counter 
exceeds a predetermined value, the error Signal F is Set. 
Simultaneously, a majority evaluation is achieved because 
an error Signal is not Supplied until after n times more 
frequently a current-difference error has been determined as 
being not Such an error. 

FIG. 2 shows a possible implementation of the evalua 
tion means 5 of FIG. 1. FIG. 2 shows a shift register chain 
of 3D flip-flops 11, 12 and 13 arranged one after the other. 
The signal TXD is applied to the clock inputs of the D 
flip-flops 11, 12 and 13. The signal C is applied to the input 
of the first shift register 11. The error signal F is supplied 
from the output of the last D flip-flop 13 of the shift register 
chain. 

Adelay of the error indication may be achieved by means 
of such a shift register within the evaluation means 5, with 
the duration of the delay being dependent on the length of 
the shift register. Every new value C is taken over in the 
Subsequent shift register with a new pulse of the Signal TXD. 
In the embodiment shown in FIG. 3, the delay of the error 
Signal F covering a period of three transmitted dominant bits 
is achieved in this way. 

The D flip-flops 11, 12 and 13 are advantageously 
clocked by the positive edge of the signal TXD. This trailing 
edge of the Signal TXD appears at the end of each dominant 
bit. At this instant, the drivers 1 and 2 of the arrangement of 
FIG. 1 are still fully active so that the drive currents can be 
evaluated. The evaluation at this instant also ensures that 
transient phenomena which may occur upon Switching of a 
dominant bit on the data bus lines CAN H and CAN L, are 
no longer active. 

Another possibility of evaluating the drive currents only 
by the end of the bit phase of each transmitted dominant bit 
is shown in FIG. 3. FIG. 3 shows a shift register with D 
flip-flops 11, 12 and 13 in accordance with the circuit of FIG. 
2. In the variant of FIG. 3, however, the signal TXD is 
delayed by means of a timer 14. Here, the D flip-flops are 
formed in Such a way that they react to the leading edge of 
the TXD signal, i.e. to its negative edge. The timer 14 Sets 
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6 
such a delay that the D flip-flops 11, 12 and 13 take over data 
at their data inputs D only during the second half of the 
period of a dominant bit. It can also be ensured in this way 
that the differential currents are evaluated only in the Second 
half of a transmitted dominant bit. 

FIG. 4 shows a further variant of the means 5 of the 
circuit arrangement of FIG. 1. This variant also comprises 3 
D flip-flops 11, 12 and 13 which are arranged one after the 
other and are clocked by means of the signal TXD. However, 
in this variant, a delay in the Supply of the error Signal F is 
not achieved. The object rather is to achieve a majority 
evaluation of three consecutive error Signals Stored in the D 
flip-flops 11, 12 and 13. To this end, all of the three data 
outputs Q of the D flip-flops 11, 12 and 13 are connected to 
three inputs of an AND gate 15. The AND gate 15 Supplies 
the error signal F from the output. It is thereby achieved that 
an error Signal F is Supplied only when the Signal C has 
Signalized during three consecutive dominant bits that the 
differential current of the two drivers has exceeded the 
predetermined limit value. 

Other variants of the majority evaluation are of course 
also possible. In any case, a majority evaluation should 
ensure that an error Signal is not already Supplied when the 
error condition is fulfilled during transmission of a Single 
dominant bit, because this condition might have been the 
case on possible grounds of interferences. 

The variant shown in FIG. 4 of the means 5 for evalu 
ating the difference Signal no longer provide the possibility 
of performing a time-delayed evaluation. However, this is 
possible in accordance with FIG. 5. FIG. 5 shows a shift 
register with D flip-flops 11, 12 and 13 which are connected 
in accordance with the variant of FIG. 4. However, the shift 
register is extended by one further D flip-flop 16 arranged 
after the D flip-flop 13. 
A first AND gate 17 is provided which evaluates the data 

outputs of the D flip-flops 11, 12 and 13, and a second AND 
gate 18 which evaluates the data outputs of the D flip-flops 
12, 13 and 16. The output signals of the two AND gates 17 
and 18 are applied to an OR gate 19 which supplies the error 
Signal F from the output. 

By means of the extended shift register and the modified 
majority evaluation in the circuit arrangement of FIG. 5 it is 
achieved that not only the majority evaluation but also a time 
delay is achieved as is provided for the variants of FIGS. 2 
and 3 without majority evaluation. 

The variant of the evaluation means 5 shown in FIG. 5 
thus combines a time delay of the Supply of the error Signal 
F of the variants shown in FIGS. 2 and 3 with a majority 
evaluation of the variant of the evaluation means 5 shown in 
FIG. 4. 

FIG. 6 is a block diagram of a second embodiment of the 
circuit arrangement according to the invention, in a trans 
ceiver. 

The transceiver of the second embodiment shown in FIG. 
6 comprises a first driver 1, a Second driver 2 and a drive 
control circuit 3, similarly as the transceiver of the first 
embodiment shown in FIG. 1. The operation of the trans 
ceiver is in So far identical with that of the first embodiment 
shown in FIG. 1. 

In conformity with the first embodiment, the circuit 
arrangement for error recognition according to the invention 
also comprises a comparator 4 which receives the drive 
currents from the two drivers 1 and 2 and Supplies a signal 
C from the output which signalizes the value of the differ 
ence between the two drive currents. This signal is evaluated 
by evaluation means 23 which Supply the error Signal from 
the output. The operation of the circuit arrangement accord 
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ing to the invention, shown in the Second embodiment, is in 
So far also identical to that shown in the first embodiment of 
FIG. 1. 

The Second embodiment of the circuit arrangement 
according to the invention, shown in FIG. 6, comprises, 
however, additional means 21, 22 and 23 which directly 
compare the currents of the driverS1 and 2 with a reference 
Signal REF and Supply also an error Signal when the drive 
currents individually exceed this reference signal REF. 

To this end, a comparator 21 is provided which compares 
the drive current of the driver 1 with the reference signal 
REF and Supplies a corresponding output signal to the 
evaluation means 23. 

In a corresponding manner, a comparator 22 is provided 
which compares the drive current of the driver 2 with the 
reference Signal REF and also Supplies the comparison result 
to the evaluation means 23. 

The evaluation means 23 Supply an error Signal when 
either the difference between the drive currents exceeds the 
predetermined limit value, or when the drive current of the 
driver 1 exceeds the reference signal REF, or when the drive 
current of the driver 2 exceeds the reference signal REF. 

Due to this additional evaluation of the individual drive 
currents, an additional recognition Security is achieved. 
Particularly, a short-circuit between the lines can be recog 
nized with greater certainty by virtue of the extension of the 
circuit arrangement. 

FIG. 7 shows a possible implementation of the evalua 
tion means 23 of the circuit arrangement shown in FIG. 6. 

The two signals R Index and H and R Index L supplied 
by the comparators 21 and 22 are applied in the circuit 
arrangement of FIG. 7 to an AND gate 31 whose output 
Signal is applied to first inputs of OR gates 32, 33 and 34. 

The Signal C of the comparator 4 of the circuit arrange 
ment shown in FIG. 6 is applied to the second input of the 
OR gate 32. 

The circuit arrangement shown in FIG. 7 comprises three 
D flip-flops 35, 36 and 37 which are clocked by means of the 
signal TXD. 

The output signal of the OR gate 32 is applied to the data 
input D of the flip-flop 35 whose output signal is applied to 
the Second input of the OR gate 33. Its output signal is in 
turn applied to the Second D flip-flop 36 whose output Signal 
is coupled to the second input of the OR gate 34. The output 
signal of the OR gate 34 is coupled to the data input of the 
D flip-flop 37, whose data output Q supplies the error signal 
F. 

It is achieved by the variants of the shift register in the 
circuit arrangement of FIG. 7 that it is additionally checked 
for every individual buffered error condition whether one of 
the signals R Index H or R Index L has been responsive for 
the relevant dominant bit. The D flip-flops 35,36 and 37 thus 
Store an error Signal for every individual dominant bit when 
one of the three error conditions has been fulfilled, i.e. when 
one of the signals R Index H, R Index L or C was active 
during transmission of the assigned dominant bit. 

The error signal F may be additionally filtered in the 
Second embodiment shown in FIGS. 6 and 7. However, it 
should be noted that a recognition of the short-circuit 
between the two CAN bus lines CAN H and CAN L must 
be directly evaluated because Such a short-circuit prevents 
the possibility of data transmission through the bus and 
deactivates the data transmission immediately. 
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What is claimed is: 
1. A circuit arrangement for error recognition of a two 

wire data bus through which transmitted, dominant bits are 
differentially transmitted on the two bus lines, characterized 
in that the arrangement comprises means (4) for measuring 
the differential current, by means of which the difference of 
the drive currents with which the two bus lines are driven is 
measured in a transmitter when transmitting dominant bits 
on the data bus, and in that evaluation means (5) are 
provided which Supply an error Signal when the difference 
between the drive currents exceeds a predetermined limit 
value. 

2. An arrangement as claimed in claim 1, characterized in 
that the two-wire bus is a CAN bus in accordance with ISO 
11898. 

3. An arrangement as claimed in claim 1, characterized in 
that the arrangement measures and/or evaluates the differ 
ence between the drive currents in the second half of the 
period of a transmitted bit. 

4. An arrangement as claimed in claim 1, characterized in 
that the arrangement additionally comprises means (21, 22, 
23) which compare both drive currents individually with a 
reference current and Supply an error message when both 
drive currents individually exceed the reference current. 

5. An arrangement as claimed in claim 2, characterized in 
that the TXD input signal of a CAN bus transmitter is used 
for determining the instant of measuring and/or evaluating 
the drive currents, particularly in that the trailing edges of 
the TXD signal determine the measuring instants. 

6. An arrangement as claimed in claim 3, characterized in 
that the arrangement comprises a timer (14) which triggers 
the measurement and/or evaluation of the drive currents by 
a predetermined interval after the Start of transmitting a 
dominant bit. 

7. An arrangement as claimed in claim 2, characterized in 
that the arrangement measures and/or evaluates the drive 
currents only during a transmit interrupt Service routine of 
the CAN bus. 

8. An arrangement as claimed in claim 2, characterized in 
that the arrangement comprises a shift register (11, 12, 13; 
16:35,36,37) by means of which the error signal is supplied 
in a delayed manner. 

9. An arrangement as claimed in claim 8, characterized in 
that the arrangement comprises a majority circuit (15; 17, 
18, 19) which configures the evaluation of the measurements 
in Such a way that an error message is Supplied only when 
the outcome of the majority of a plurality of measurements 
has shown that the limit value has been exceeded. 

10. An arrangement as claimed in claim 1, characterized 
in that, in the majority evaluation, the arrangement also 
takes those bit positions into account and preferably Sup 
presses an error message only when the limit was exceeded 
during transmission of a bit, but not when the two bits 
adjacent to this bit were transmitted. 

11. An arrangement as claimed in claim 1, characterized 
in that the arrangement not only evaluates the difference 
between the drive currents but also evaluates their Sum, and 
evaluates the difference between the drive currents only 
when the Sum of the drive currents exceeds a predetermined 
limit value. 


